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Method for Hydrogen Sulphide and/or Mercaptans Decomposition 

Background of the invention 

The invention relates to the field of gas and petroleum refining industry, in 
particular to methods for hydrogen sulphide and/or mercaptans decomposition and 
5 recycling hydrogen sulphide and mercaptans (thiols) and can be used for producing 

hydrogen and sulfur from hydrogen sulphide as well as for purification of gas mixtures 
from hydrogen sulphide and mercaptans. 

Hydrogen sulphide is the major byproduct in petroleum industry and 
hydrometallurgy. It is present in large quantities (up to 50%) in gas-condensate fields of 
10 natural gas. It is the major product of many mineral and organic substance decomposition. 

At the same time hydrogen sulphide is a strong toxic substance causing poisoning of 
living organisms. Yet hydrogen sulphide can be a feed stock for producing valuable 
chemical product - hydrogen. 

Mercaptans are byproducts of mineral and organic substances decomposition. 

1 5 They are present as admixtures in gaseous products of petroleum refinery. They can be 

present in gas-condensate fields of natural gas. Mercaptans are toxic substances with 
highly objectionable odor. Therefore off gases of industrial plants should be thoroughly 
cleaned of mercaptans. At the same time mercaptans are widely used as odorants of 
household gases to detect gas escape. Mercaptan presence in hydrocarbon gases leads to 

20 deactivation of catalysts used for conversion of these gases into valuable" products. For 

that reason said gases should be purified from mercaptans. / ' 

Hydrogen sulphide is directly thermally decomposed into hydrogen and sulfur 
according to reaction: 

H 2 SoH 2 + S-Q (1) 

25 It is a strongly endothermic process and can have visible rate only at high 

temperatures. A method for thermal decomposition of hydrogen sulphide for obtaining 
hydrogen and sulfur is known. The method comprises passing hydrogen sulphide 
containing gas through a reaction zone at a temperature in the range from 850 to 1600°C 
where decomposition of H 2 S results in obtaining hydrogen and sulfur, and consequent 
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cooling of said gas to a temperature of 1 10-150°C for condensing obtained sulfur (see US 
4302434, C01B 17/04, 24.11.81). 

The known method has a few disadvantages: high temperature required for 
achieving high degree of hydrogen sulphide decomposition; high energy consumption for 
performing the reaction and compensating possible heat loss; potential decrease in 
decomposition level due to reverse interaction of hydrogen and sulfur on cooling; 
unsuitability of the method for treating gases containing hydrocarbons and other 
admixtures that can be pyrolyzed at high temperature; low effectiveness of the process 
when the concentration of hydrogen sulphide in the hydrogen sulphide containing feed 
decreases; requirements to use special expensive materials of high thermal resistance to 
form a high temperature reaction zone. What is more performing the hydrogen sulphide 
decomposition reaction at high temperature results in formation of gaseous sulfur 
consisting of high energy molecules S 2 . It has adverse influence on the general 
thermodynamics of the process since it is known that producing products with less energy 
in condensed state (liquid or solid) is favorable for shifting reaction balance to formation 
of reaction products. 

However it is possible to use catalysts for directing reaction (1) so that it can be 
performed at lower temperature. 

Such possibility is disclosed in an invention (RU 2216506, CO IB 17/04, 
20.11.2003) where hydrogen sulphide containing gas is passed through the layer of a 
solid catalytic material capable to decompose hydrogen sulphide according to reaction (1) 
at a temperature lower that 200°C, and regeneration is performed by supplying 
regenerating gas without hydrogen sulphide at a temperature at most 350°C. This method 
is the closest prior art. 

A disadvantage of the known method is rather frequent regeneration of the solid 
material capable of decomposing hydrogen sulphide since obtained sulfur according to 
reaction (1) accumulates on its surface and block centers of hydrogen sulphide activation. 

It is an object of the invention to provide a more effective method of hydrogen 
sulphide and/or mercaptans containing gases decomposition without frequent 
regeneration of the solid catalytic material. 



Summary of the Invention 

This problem is solved by placing the solid material (the catalyst) in a layer of a 
liquid phase substance capable of dissolving intermediate reaction (1) products and/or 
sulfur forming on the surface of the catalyst. 

Detailed Description of the Invention 

The method includes the following steps. 

Hydrogen sulphide containing gas at initial temperature lower than 200°C is 
passed through a layer of the solid material (the catalyst) capable of dissociative 
chemosorption of hydrogen sulphide at such temperatures. Conjugated chemosorption 
results in formation of gaseous hydrogen and sulfur containing intermediate products on 
the surface of the solid catalyst. The solid catalyst is placed in a liquid phase substance 
capable to dissolve intermediate products of reaction (1) and/or sulfur. The surface 
products of hydrogen sulphide decomposition dissolve and form either dissolved, or 
colloidal or solid elemental sulfur. Hydrogen discharged from the layer of the solid 
catalyst is collected or used for some purpose. The process of mercaptans decomposition 
is similar but the reaction products are a corresponding hydrocarbon and elemental sulfur. 

After the catalyst surface is filled up with chemically sorbed sulfur compounds to 
such extent that active centers of dissociative chemosorption of hydrogen sulphide are 
getting blocked, the catalyst is heated to the boiling temperature of the liquid or lower but 
sufficient for removing surface compounds of elemental sulfur. If solubility of the surface 
sulfur compounds is not sufficient for catalyst reactivation, the liquid is replaced with 
another solvent that is better for dissolving surface sulfur compounds. Then the catalyst is 
returned in the layer of the liquid substance and the initial gas mixture is fed again. 

The liquid substance can be selected from classes of substances listed below 
and/or combination of two or more liquid substances in any ratio: nonpolar substances, 
for example hydrocarbons, CS 2 , etc.; polar substances, for example water, organic and 
inorganic acids, alkali solutions, olefin-type, dien-type, acetylene-type, naphten-type and 
aromatic-type hydrocarbons, salts of organic and inorganic acids, nitrogen-, oxygen-, 
chalcogen-, halogen- containing compounds and solutions of their salts, etc., and 
solutions of surfactants. 



The main advantage of the inventive method is possibility to decompose 
hydrogen sulphide or mercaptans at a low temperature, for example at room temperature, 
while obtained sulfur does not accumulate on the catalyst surface dissolving in a liquid 
where the sulfur can be in solid form, a colloid or a dissolved substance depending on the 
5 nature of the liquid phase substance. In such way the catalyst surface is cleaned and the 

active component is regenerated. 

Further the subject matter of the invention is illustrated by the following 
examples. 

Example 1. Natural gas comprising 3% by volume of hydrogen sulphide and 
10 nitrogen, carbon dioxide and water vapor is subjected to treatment. Said gas is passed at 

the temperature of 75°C through a layer of a granulated graphite-like carbon material (US 
4978649, C01B 31/10, 18.12.90) placed in the layer of benzene. Gas discharged from said 
material layer comprises up to 3% of hydrogen as well as nitrogen, carbon dioxide and 
water vapor but no hydrogen sulphide. Intermediate sulfur compounds formed on the 
15 catalyst surface are dissolved in benzene, and as a result elementary sulfur Ss is obtained. 

As sulfur is poorly soluble in benzene it emerges on the surface of liquid benzene and can 
be removed using traditional methods. 

Example 2. Gas comprising 5% by volume of hydrogen sulphide as well as, 
nitrogen, oxygen and a mixture of light hydrocarbons is subjected to treatment. Said gas 

20 is passed at the temperature of 150°C through a layer of molybdenum disulfate MoS 2 

placed in the layer of liquid diesel oil. Gas discharged from said material layer comprises 
5% by volume of hydrogen as well as nitrogen, oxygen and a mixture of light 
hydrocarbons but no hydrogen sulphide. Intermediate reaction (1) products formed on the 
catalyst surface are dissolved in diesel oil and form elementary sulfur which is poorly 

25 soluble in diesel oil and accumulates on the surface of liquid diesel oil. 

Example 3. Natural gas comprising 40% of hydrogen sulphide is subjected to 
treatment. Said gas is passed at the temperature of 40°C through a layer of chemosorption 
catalytic material, cobalt sulphide Co x S y , placed on silica gel. This sorption-catalytic 
material is placed in the layer of a solution comprising 10% of diethanolamine in water. 
30 Natural gas discharged from the layer of the sulphide catalyst comprises up to 40% of 

hydrogen but no hydrogen sulphide. Surface intermediate reaction (1) products and 
obtained sulfur are soluble in the solution. As the solution is saturated with sulfur, 
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forming elemental sulfiir emerges to the surface and can be removed using known 
methods. 

Example 4. Gas consisting of mixture of synthesis gas (CO+H 2 ) and 1% of 
hydrogen sulphide is subjected to treatment. Said gas is passed at room temperature 
through a layer of sulphide catalyst Co x Mo y S z deposited on aluminum oxide. Said catalyst 
is placed in the layer of a solution comprising 5% of monoethanolamine in water. 
Processed gas discharged from the layer of said material comprises CO and hydrogen but 
no hydrogen sulphide. Surface intermediate reaction (1) products and obtained sulfur are 
soluble in this solution. As the solution is saturated with sulfur, forming elemental sulfur 
emerges to the surface and can be removed using known methods. 

Example 5. Natural gas comprising methane, 5% by volume of hydrogen 
sulphide and 0.3% by volume of methylmercaptan (methanetiol) is subjected to treatment. 
Said gas is passed at room temperature through a layer of sulphide catalyst Co x Mo y S z 
deposited on a porous carrier of aluminum oxide. Said catalyst is placed in the layer of 
concentrated ammonia. Processed gas discharged from the layer of said material 
comprises methane and hydrogen but no hydrogen sulphide. Surface intermediate 
reaction (1) products are soluble in this solution but obtained sulfur is poorly soluble in it. 
Therefore forming elemental sulfur emerges to the surface and can be removed using 
known methods. 

Example 6. Water saturated with hydrogen sulphide is subjected to treatment. 
Saturated aqueous solution of hydrogen sulphide is passed at the temperature of 20°C 
through a layer of a graphite-like carbon material. Gas discharged from the layer has no 
hydrogen sulphide and hydrogen appears in the gaseous phase. Since intermediate 
reaction (1) products are poorly soluble in water and elemental sulfur is practically 
insoluble, sulfur accumulates on the surface of the graphite-like carbon material. In 40 
minutes accumulated sulfur blocks the active surface of the carbon material and hydrogen 
sulphide begins to appear in the discharge. Then the supply of the saturated aqueous 
solution of hydrogen sulphide is discontinued and the layer of the graphite-like carbon 
material is placed in the layer of liquid hydrazine hydrate at room temperature. Surface 
intermediate reaction (1) products and obtained elemental sulfur are soluble in liquid 
hydrazine hydrate, and in 5 minutes hydrazine hydrate is poured out, and saturated 
aqueous solution of hydrogen sulphide is supplied again. After the surface of the graphite- 
like carbon material is saturated with sulfur again, the material is placed in the layer of 



hydrazine hydrate. Such combination of chemosorption catalytic stage and catalyst 
reactivation stage is repeated many times without decreasing catalyst capacity. 

As it follows from the examples the method according to the present invention 
provides for decomposing hydrogen sulphide and mercaptans at low temperature, for 
5 example at room temperature, wherein obtained sulfur is not accumulated on the catalyst 

surface but passes into a liquid and can be in the form of solid substance, colloid or 
dissolved substance depending on the nature of the liquid. In such way the catalyst 
surface is cleaned and the active component is regenerated. Thus in the method according 
to the present invention there is no need for frequent reactivation and regeneration of the 
10 used solid material (the catalyst). 
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